Introduction
============

Advanced gastric cancer may present with various clinical manifestations. Visceral metastases, including those of the liver and lung, arise with high incidence in numerous cases of gastric cancer; however, bone metastasis occurs at a lower frequency (\<10%) ([@b1-ol-0-0-4056],[@b2-ol-0-0-4056]). Advanced gastric cancer with the presence of multiple bone metastases and/or disseminated intravascular coagulation (DIC) is also rare. The frequency of comorbidities with DIC in gastric cancer patients who have bone metastasis is as high as 82--86% ([@b3-ol-0-0-4056],[@b4-ol-0-0-4056]). The frequency of bone metastasis in gastric cancer patients with DIC is also high at 87% ([@b5-ol-0-0-4056]). The existence of this gastric cancer subgroup bearing bone metastasis with susceptibility to DIC has been previously recognized ([@b3-ol-0-0-4056],[@b5-ol-0-0-4056]). The clinical features of this specific subgroup reportedly differ from those presenting with typical gastric cancer, with the DIC subgroup much less likely to develop visceral metastases to the liver and lungs. However, the cancer is much more aggressive and patients have a poorer prognosis. There are several reports of this subgroup in the current literature ([@b3-ol-0-0-4056],[@b5-ol-0-0-4056]). The median survival time ranges from 8 to 22 weeks ([@b3-ol-0-0-4056],[@b5-ol-0-0-4056]), and there are currently no established specific chemotherapies. It is believed that the subgroup of gastric cancer with bone metastasis and DIC may have a different underlying biological mechanism, and that chemotherapy regimens against this may have different requirements. Methotrexate plus 5-fluorouracil is effective in controlling the gastric cancer with metastasis and/or DIC subgroup ([@b4-ol-0-0-4056],[@b6-ol-0-0-4056]); however, there is limited information regarding the responses of recently approved agents, including taxanes, cisplatin, S1 and capecitabine ([@b7-ol-0-0-4056]--[@b10-ol-0-0-4056]).

The aggressive nature and progression of this subgroup often leaves patients without the chance to undergo a second treatment option. Furthermore, it is difficult to measure the response to specific therapeutics due to the discrepancy of tumor marker levels and the time-consuming nature of imaging analyses. Among the associated biomarkers, circulating tumor cell (CTC) count is a direct indicator of tumor growth.

Despite gastric cancer not generally being associated with high CTC counts (median, 2 cells/7.5 ml) ([@b11-ol-0-0-4056]), this particular subgroup of gastric cancer with multiple bone metastases and/or DIC is believed to exhibit high CTC counts. However, there are currently no reports confirming this. The present study describes the CTC count in two patients that fall within the advanced gastric cancer with metastasis and/or DIC subgroup, and investigate its possible function as a clinical biomarker. The present observational study was approved by the Ethics Committee of the School of Medicine of Akita University (Akita, Japan). Written informed consent and an agreement to publish were obtained from each patient.

Case report
===========

### Case 1

In January 2014, a 51-year-old male patient presented to the Department of Clinical Oncology, Akita University Hospital (Akita, Japan) and was diagnosed with scirrhous-type gastric cancer, with bone metastases to the thoracic and lumbar vertebrates and multiple costae, in addition to malignant ascites ([Fig. 1](#f1-ol-0-0-4056){ref-type="fig"}). Poorly-differentiated adenocarcinoma and signet ring cell carcinoma were detected in the stomach, and ascites was noted ([Fig. 1B and C](#f1-ol-0-0-4056){ref-type="fig"}). A left nephrostomy was performed due to the occurrence of hydronephrosis and enabled the administration of chemotherapy. Recombinant thrombomodulin α (380 U/kg) was administered for 4 days to improve DIC, and concomitant chemotherapy with paclitaxel (PTX; 45--80 mg/m^2^, weekly) was administered for 3 weeks. The platelet count immediately increased, but the ascites did not improve. Following one cycle of PTX, the carcinoembryonic antigen (CEA) level decreased from 288.7 to 160.2 ng/ml (normal range, \~4.9 ng/ml), but the carbohydrate antigen 19-9 (CA19-9) level increased from 158.3 to 690.5 U/ml (normal range, \~37.0 U/ml). Additionally, the CTC count was calculated as 275 cells/7.5 ml during the same time period ([Fig. 2](#f2-ol-0-0-4056){ref-type="fig"}). A previously described method was used to isolate the CTCs ([@b12-ol-0-0-4056],[@b13-ol-0-0-4056]). In brief, CTCs were isolated from 20 ml of peripheral venous blood drawn using a CellSearch® Circulating Tumor Cell kit and a CellTracks® AutoPrep® system (Janssen Diagnostics; Johnson & Johnson, New Brunswick, NJ, USA). This procedure was outsourced to Special Reference Laboratories, Inc. (Tokyo, Japan). The drugs were changed and a regimen of S1 (40 mg/m^2^, twice daily, for 14 days) plus docetaxel (DTX; 33 mg/m^2^) were administered. Following this, on the 17th day, the CTC count decreased to 2 cells/7.5 ml, but the CA19-9 level remained elevated at 5,150.8 U/ml ([Fig. 2B](#f2-ol-0-0-4056){ref-type="fig"}). On day 22, the CA19-9 level decreased to 1,808.8 U/ml, and finally, it reached 58.0 U/ml on day 35. Computed tomography (CT) imaging confirmed the concomitant disappearance of ascites ([Fig. 1F](#f1-ol-0-0-4056){ref-type="fig"}). This state was consistent for 1.5 months, during which the patient was treated as an outpatient. Two months after the initiation of the second chemotherapy course, the CA19-9 level remained suppressed, although the CEA level increased to 733.7 ng/ml, and the CTC count increased to 787 cells/7.5 ml. Subsequently, the chemotherapy regimen was changed to cisplatin (23 mg/m^2^) plus irinotecan (47 mg/m^2^), but failed. The patient survived for a total of 160 days, but finally succumbed to renal failure due to cancerous peritonitis.

### Case 2

In February 2014, a 59-year-old female presented to the Department of Clinical Oncology, Akita University Hospital, and was diagnosed with scirrhous-type gastric cancer, with bone metastases to the thoracic and lumbar vertebrates, the left shoulder joint, the bilateral iliac bones and the right hip joint, in addition to multiple lymph node metastases ([Fig. 3](#f3-ol-0-0-4056){ref-type="fig"}). A poorly-differentiated adenocarcinoma was detected at an enlarged gastric fold using a gastrointestinal fibroscope biopsy ([Fig. 3B](#f3-ol-0-0-4056){ref-type="fig"}). During the first examination, the patient suffered from dyspnea caused by pulmonary lymphangitis carcinomatosa ([Fig. 3D](#f3-ol-0-0-4056){ref-type="fig"}). Two days prior to initiating the first course of chemotherapy, the CTC count was noted at 235 cells/7.5 ml. The CEA and CA19-9 levels were also elevated, at 120.0 ng/ml and 5,201.5 U/ml, respectively. Chemotherapy with S1 (40 mg/m^2^, twice daily, for 14 days) plus DTX (40 mg/m^2^) was then initiated. In order to efficiently evaluate the therapeutic effect, CTC counts and tumor marker measurements were conducted on day 11 following the initiation of chemotherapy. Discrepant results for CEA (82.5 ng/ml) and CA19-9 (6,543.2 U/ml) levels were obtained. Conversely, the CTC count had decreased to 7 cells/7.5 ml ([Fig. 4](#f4-ol-0-0-4056){ref-type="fig"}). The S1 plus DTX treatment was continued, and subsequently, the CA19-9 level decreased to 1,393.1 U/ml on day 31. By day 68, the CA19-9 and CEA levels had decreased to 835.2 U/ml and 5.9 ng/ml, respectively. On day 95, CT confirmed that the abdominal lymph node swelling had resolved and the lymphangitis had improved ([Fig. 3E and G](#f3-ol-0-0-4056){ref-type="fig"}). However, following day 110, levels of the two markers began to increase, and on day 159, the levels of CA19-9 and CEA reached 2,858.4 U/ml and 81.7 ng/ml, respectively. Despite the Response Evaluation Criteria in Solid Tumors ([@b14-ol-0-0-4056]) by CT indicating that the therapeutic response was a stable disease, by day 159, the CTC count had increased to 513 cells/7.5 ml. The chemotherapeutic regimen was then changed to cisplatin (23 mg/m^2^) plus irinotecan (50 mg/m^2^), but this subsequently failed due to the progression of lumbar spine metastasis, as identified by magnetic resonance imaging. The patient survived for a total of 246 days, but finally succumbed to respiratory failure due to cancerous lymphangitis.

Discussion
==========

CTCs may not be detected in a number of advanced gastric cancer cases, in contrast to breast and prostate cancers ([@b15-ol-0-0-4056],[@b16-ol-0-0-4056]). When the markers to capture CTC are changed from epithelial cell adhesion molecules to cytokeratins, circulating gastric cancer cells are only detected in 11.6--15.5% of cases ([@b17-ol-0-0-4056]). A recent study revealed that gastric CTCs were detected in 28/42 cases using the CellSearch® system ([@b18-ol-0-0-4056]). In particular, a high number of CTCs (30--18,015 cells/7.5 ml) were detected in all 5/5 cases with bone marrow metastases. The bone marrow is considered a reservoir for disseminated tumor cells ([@b19-ol-0-0-4056]). Thus, gastric cancer subtypes that are characterized by multiple bone metastases and/or DIC may be associated with high numbers of CTC, as observed in the present two cases. The high CTC count exhibited in such patients may be useful to monitor therapeutic effect. Regarding the cases described in the present study, the change in the CTC count was considered to be the earliest marker applicable in current practice. In case 1, an effective chemotherapy regimen was conducted, however, the CA19-9 level was elevated for the first 16 days then decreased. By contrast, the CTC count had decreased to \<1% of the pre-treatment level by the 17th day. The CTC count served as a beneficial marker, and functioned as a determining factor aiding the decision on whether treatment should be continued or not. Furthermore, once the CTC count had recovered to the pre-treatment level, CA19-9 remained at a low level. Clinical symptoms, including bone pain, worsened gradually and later CT imaging indicated disease progression. The other tumor marker, CEA, was also ineffective in this case. In case 2, the CTC count had decreased to \<3% of the pre-treatment level on the 11th day after treatment. Simultaneously, the values of CEA and CA19-9 were measured, however, they demonstrated differential readings. Additionally, on the 159th day, when the CTC count reached 218% of the initial level, the values of CEA and CA19-9 remained below the initial levels. Such evidence demonstrates that the CTC count may function as a definitive and instant marker without a time lag, as shown previously ([@b15-ol-0-0-4056],[@b16-ol-0-0-4056]).

In conclusion, the CTC count may serve as a reliable predictive biomarker of therapeutic response for gastric cancer subgroups, characterized by multiple bone metastases and/or DIC. CTC count may also present a useful tool for molecular biological analysis. Further confirmatory studies are warranted to investigate the detection rate of CTCs in this particular subgroup of advanced gastric cancer with bone metastasis and/or DIC.
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![Clinicopathological features of case 1. (A) Endoscopic view. (B) A pathological view of a gastric tumor. (C) Cytology of ascites. (D) CT on day 2 following the initial treatment. Red arrow indicates bone metastases (osteolytic region). (E) Bone scintigram. (F) CT on day 68. CT, computed tomography.](ol-11-02-1294-g00){#f1-ol-0-0-4056}

![Clinical course of case 1. (A) Appearance of the captured CTC. The composite image of CTC stained with CK-PE and DAPI is presented representatively. Cluster of differentiation 45 (leukocyte common antigen) is negative in the CTC. (−) indicates the background. (B) Clinical course of case 1. Captured CTC count is indicated by the bar graph. CTC, circulating tumor cell; CK-PE, pan-cytokeratin antibody; DAPI, 4′,6-diamidino-2-phenylindole; PTX, paclitaxel; DTX, docetaxel; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19--9.](ol-11-02-1294-g01){#f2-ol-0-0-4056}

![Clinicopathological features of case 2. (A) Endoscopic view. (B) Pathological view of gastric tumor. (C) Bone scintigram. (D) Chest CT on day 17. (E) Chest CT on day 96. (F) Abdominal CT on day 17. Red dots indicate lymph node metastases. (G) CT on day 96. CT, computed tomography.](ol-11-02-1294-g02){#f3-ol-0-0-4056}

![Clinical course of case 2. (A) Appearance of the captured CTC. The composite image of CTC stained with CK-PE and DAPI is presented representatively. Cluster of differentiation 45 (leukocyte common antigen) is negative in the CTC. (−) indicates the background. (B) Clinical course of case 2. CTC is indicated by the bar graph. DTX, docetaxel; CK-PE, pan-cytokeratin antibody; CTC, circulating tumor cell; DAPI, 4′,6-diamidino-2-phenylindole; MRI, magnetic resonance imaging; CT, computed tomography; CD45, cluster of differentiation 45; CDDP, cisplatin; CPT11, irinotecan.](ol-11-02-1294-g03){#f4-ol-0-0-4056}
